Objective. To develop a formative assessment strategy for use in an online pharmacy orientation course that fosters student engagement with the course content and facilitates a manageable grading workload for the instructor. Design. A formative assessment strategy involving student-generated, multiple-choice questions was developed for use in a high-enrollment, online course. Assessment. Three primary outcomes were assessed: success of the assessment in effectively engaging students with the content, interrater reliability of the grading rubric, and instructor perception of grading workload. The project also evaluated whether this metacognitive strategy transferred to other aspects of the students' academic lives. The instructor perception was that the grading workload was manageable. Conclusion. Using student-generated multiple-choice questions is an effective approach to assessment in an online course introducing students to and informing them about the profession of pharmacy.
INTRODUCTION
Orientation to Pharmacy is an informational course taught entirely online to educate students about the role of pharmacists in consumer healthcare and as part of the healthcare team. Students enroll in this course for 2 primary reasons: interest in pursuing a career in pharmacy and thus a desire to learn more about the profession, or a scheduling need for 2 credits and/or an online course.
Developing formative and summative assessments appropriate for the learning goals and content has been difficult because this course is both introductory and informational. Several strategies for student assessment have been used over the 7-year history of this online course, including having students post responses to a discussion board for each topic, choose and critique a pharmacyrelated article, take an instructor-created, multiple-choice examination, and journal on content-related topics. The writing strategies resulted in an unmanageable grading workload for instructors of this growing, high-enrollment course, which averages 120 students for each fall and spring offering. Instructor-generated, multiple-choice examinations resulted in too much memorization of detailed facts, which were often not necessarily of interest to the students or even central to understanding of the profession. The instructional team sought to develop formative and summative assessments that engaged students in the content and were both appropriate for the learning objectives and manageable for instructors to evaluate.
The idea that students require learning activities that foster active engagement with course material is not a new concept. It is a central tenet among educational scholars ranging from John Dewey to more contemporary voices such as David Jonassen. While this educational approach is generally accepted, implementing the strategies can be difficult. Multiple-choice examination questions are commonly used to assess learning. 1 This assessment format offers many advantages, but the primary reasons many educators use this strategy are the ease and objectivity of grading, which are especially important for a highenrollment course.
1,2 Multiple-choice examination questions can be written in a way that assesses more than simple learning outcomes, 1 but it is difficult to write highquality constructed multiple-choice questions that measure complex learning outcomes, especially in the large numbers often required for a course. 3 Frequent updating of the questions requires much instructor time and effort and often results in inconsistent quality. 3, 4 Multiple-choice assessment approaches are often criticized for not facilitating active learning 2, 4 because they provide students with a list of choices rather than requiring them to actively identify the correct choice and explain or justify why it is best, as they would be required to do in real life.
Educational activities that engage learners in exploring content independently require additional instructor time and effort, which is not always feasible. Educational contexts that involve a large, diverse student enrollment and distance education present significant challenges. A context such as this requires not only engaging activities to capture and maintain student motivation, which is a primary determinant of student retention, 5 but also a substantial amount of instructor guidance and feedback. [5] [6] [7] [8] [9] [10] [11] Within formal educational structures, students have many opportunities to answer questions but few opportunities to pose them. 12 In the sciences, inquiry is an especially important skill that instructors try to help their students develop, yet students are rarely engaged in this activity due to the instructor workload challenges. 13 The argument that students must apply, practice, and struggle with the material in a way that is purposeful, situated, and collaborative is supported in many theorists' works, but these theoretical frameworks require complex learning experiences (coupled with necessary learner scaffolding) that engage both cognitive and affective domains to facilitate meaningful learning and knowledge transfer.
Assessing learning in high-enrollment courses continues to be a significant challenge for the educational community because of the difficulty of achieving a reasonable balance between providing experiences that foster student exploration of content and maintaining a manageable instructor workload. Using student-generated questions as a formative assessment is one potential approach to achieving this balance. 3, [13] [14] [15] [16] [17] [18] [19] [20] 
DESIGN
This study evaluated the use of student-generated, multiple-choice questions as a formative assessment strategy in a high-enrollment, online course. Three primary outcomes were assessed: success of formative assessment to facilitate meaningful student engagement with the content, interrater reliability of the grading rubric, and instructor perception of grading workload. The project explored the transfer of this metacognitive strategy to other aspects of the students' lives; specifically, did this formative assessment impact student ability to selfassess learning progress and think critically? This learning objective was addressed through a student survey in which students were asked to comment on any influence the experience of creating multiple-choice questions may have had on their learning strategies for other courses.
Course Structure
In this online course, content is divided into 3 sections. The first focuses on the practice philosophy of pharmacy and basic information about the structure of the health care system with respect to prescription drug pricing and insurance. The second section addresses the diverse range of practice settings and career opportunities for pharmacists. The third section is about pharmacy professional education and postgraduate education and training options. For each section, students were asked to create multiple-choice questions that measure the desired learning objectives for that section. After questions were graded by the instructional team using the grading rubric (Figure 1 ), well-crafted, student-generated questions were chosen by the course director and used as the summative assessment for each section. Only questions that received a total score of 6 on the grading rubric (4 points for completeness and 2 points for importance) were eligible for inclusion in the section quiz. Students' final course grades were determined by their scores for the 3 studentgenerated, multiple-choice question assignments and on the 3 section quizzes comprised of student-generated questions selected by the course director. Students who wrote questions appropriate for use in the quiz received 1 extracredit point for each well-crafted question. Summative quizzes for sections 1 and 3 were comprised of 15 student-generated questions selected by the course director. The quiz for section 2, which is larger, included 20 questions. For ease of scoring, the grading rubric was an all-ornothing point allocation, in which no partial credit was awarded. To qualify for points for the assignment, the multiple-choice quiz questions had to be turned in on time and written to specifications, including all required components. These specifications were explained to students at the beginning of the course in the online orientation, the syllabus, and the assignment directions. The grading rubric was available to students at the start of the course. Students also had an opportunity to earn extra credit by interviewing a pharmacist and reporting on what they learned from the interview. This opportunity allowed for additional personal exploration as well as extra points if needed to compensate for incomplete section assignments.
EVALUATION AND ASSESSMENT
This study included a ''triangulation of data sources and analytical perspectives to increase the accuracy and credibility of finding.'' 21 Multiple sources of quantitative and qualitative data were collected to provide a greater understanding of the data generated by the questions.
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Data Analysis
Descriptive statistics of student-ranked survey responses were collated and reported. Repeated measures ANOVA was used to test interrater reliability of the grading rubric, with dependent-variable score and independent variable rater. Ten randomly selected student assignments were evaluated by each rater using the grading rubric and agreement across raters was assessed.
A survey was developed using guidelines described by Gaddis 25 and Dillman, Tortora, and Bowker. 26 Following the initial survey development, a health-care professional student completed the survey using the ''think aloud'' approach, wherein the student took the survey in the presence of an investigator, describing what she thought each item in the survey was asking, what she was thinking as she responded, and any difficulty she was having completing the survey. Based on these comments, the survey instrument was revised, pilot tested with 5 students not involved in the study, and modified accordingly. The survey instrument contained 7 ranked questions and 6 open-ended questions. The consent form and survey instrument were delivered at the end of the semester by means of a hypertext link within an e-mail invitation generated using SurveyMonkey. Students were assured that responses were anonymous. One reminder notification to complete the survey was sent out 1 week following the original invitation.
Content analysis of both the open-ended survey responses and focus-group session was conducted using the Classic Analysis Strategy, a constant comparison-like approach 27 to reveal what participants said within their groups. 28 Student comments were first reviewed for emerging themes by the 2 investigators; after several passes over the comments, themes were combined when appropriate and compared for internal consistency. This study was deemed exempt from review by the University of Minnesota Institutional Review Board.
Eighty-nine of the 136 students in the class responded to the survey, for a 65% response rate. Demographic characteristics of respondents are reported in Table 1 . Respondents are primarily 18 to 20 years of age (70.8%), female (60.7%), and in their freshman year (40.4%). Fifty-two (58.4%) students reported their majors to be in the sciences (eg, biology, biochemistry, chemistry, and neuroscience). The majority (73%) of all enrolled students received an A for the course, and most received an A on the 3 multiple-choice question-writing assignments (assignment 1, 86%; assignment 2, 92%; assignment 3, 85%).
Using one-way repeated measures ANOVA with the independent-variable rater and dependent-variable score resulted in a nonsignificant result (P 5 0.17), indicating no significant scoring differences across the different raters. The 3 raters played different roles in the course: rater 1 was a pharmacist and course director, rater 2 was a nonpharmacist not formally involved in the course, and rater 3 was a nonpharmacist and course coordinator. The results of the 3 independent raters grading 10 randomly selected student assignments are provided in Table 2 ; the total points possible from each rater on each assignment was 15. Table 3 describes student responses to the 7 ranked statements relating to the activity of writing multiple-choice questions. Regarding writing their own multiple-choice questions, students agreed or strongly agreed that it was a meaningful learning activity (89.9%), allowed for personalized learning (88.8%), helped the students learn more about pharmacy (87.6%), helped engage them in the learning materials (94.4%), helped their performance on quizzes (83.1%), and was a reasonable course expectation (91.0%). Students disagreed or strongly disagreed that the activity created a barrier to learning (73.0%).
All student responses to the open-ended questions were first evaluated for emerging themes by 2 independent reviewers. After several passes over the responses, 5 emerging themes were identified and used for coding.
Theme 1: Student-generated questions resulted in greater time and depth of content engagement. Students stated that having to create multiple-choice questions required them to more thoroughly study and understand the course materials. Interestingly, students stated that without this assignment, they would have only superficially reviewed the course materials. Based on their statements, students were surprised that learning objectives were the organizing format for the course material and American
that these objectives determined examination items. Students reported that this knowledge helped them study for examinations and that the formative assessment improved their test-taking skills. Theme 2: Student-generated questions fostered personal exploration of content. Students reported that the formative assessment facilitated a more personal engagement with the course material. They reported that they were able to focus on areas of the course that interested them and that taking on the role of ''instructor'' changed the context of the assignment for them. Students stated that they have continued to use this strategy in other courses as a self-assessment or metacognitive tool, suggesting that perhaps these students had not been reflecting on their own learning in this way prior to taking the course.
Theme 3: Creating multiple-choice questions was more difficult than anticipated. The difficulty in creating multiple-choice questions, formulating a correct answer and 3 detractors, and justifying why each option was correct or incorrect proved to be a challenging activity for students. As demonstrated in Theme 2, this activity enhanced student engagement with the course materials and also led to an appreciation for the time and effort it takes instructors to create an examination. Students seemed to realize that it is easy to criticize examinations but difficult to construct a better alternative.
Theme 4: Student-generated questions led to better understanding of the pharmacy profession/dispelling of pharmacy myths. Students seemed to gain a better understanding and appreciation of the profession of pharmacy as a result of this class, which is its primary learning objective. Student responses suggest that having to create their own multiple-choice questions facilitated engagement and exploration of the areas of pharmacy that either interested the students most and/or were most difficult for them to understand.
Theme 5: Student-generated questions negatively impacted learning for some students. Although most students found this formative assignment to be beneficial, 14 (15.7%) respondents made negative comments regarding the student-generated question assignment. About half of these students said the assignment negatively impacted their learning, explaining that instead of engaging more with the content, they focused on finding details around which they could construct questions. One student was clearly angry about having points deducted for not following the question-writing guidelines.
Student Suggestions for Improving the Assignment. The instructional team solicited feedback from students regarding how to improve the question-generating assignment. The 14 students who made negative comments about the assignment suggested it be removed from the course or that partial credit and/or resubmission of the assignment with revisions be allowed. There were also several positive comments expressing appreciation for the activity and suggesting that the instructors continue to use this strategy. Other suggestions were to require more questions for each section of the course, incorporate peer review into the activity, and give students an opportunity to submit a practice question prior to the due date for the first section assignment. The purpose of this practice question would be to generate feedback concerning completeness and it would not be graded.
Focus Group. The 3 independent raters participated in a focus group session to discuss the rater perspective of this student-generated multiple-choice activity and to provide feedback on the effectiveness of the grading rubric and workload. The raters all agreed that the activity was an effective strategy for engaging students in the American Journal of Pharmaceutical Education 2011; 75 (5) Article 94.
content and that it was in line with the course objectives. They also agreed that the rubric was easy to use, streamlined the grading, and provided objective feedback to students. All raters stated that the grading workload was manageable, estimating that each spent approximately 3 to 4 hours grading for each of the 3 assignments, (this time estimation was for each rater grading approximately 45 assignments for each of the 3 sections for a total estimated grading time per rater of 9 to 12 hours). The primary problem with the rubric was that inaccurate multiple-choice quiz questions could potentially receive full credit, provided the directions were followed. Even though these questions would not be chosen by the course director for the summative quiz, there was a potential for the students who submitted them to think they understood a concept when, in fact, they did not. The raters noted that this issue should be addressed even though it rarely occurs and the problems with the questions are minor. One suggestion emerging from the focus group was to post a summary statement to the whole class at the end of grading, clarifying any misconceptions that were noted in the submitted assignments. This approach would provide students an additional source of feedback from the course team.
DISCUSSION
Implementing student-generated, multiple-choice questions is an appropriate and effective strategy for an informational introductory online course designed to inform students about the profession of pharmacy. The raters found that use of this formative assessment fosters a deeper engagement with the course content for most students. The grading rubric proved easy to use and resulted in similar scores, even though the raters were diverse with respect to pharmacy knowledge and involvement with the course. The raters stated that the grading workload was manageable, and based on student feedback, the course appeared to achieve its educational goals of informing future pharmacists about opportunities within the profession and educating general student population about the role of the pharmacist in meeting their health care needs. This formative assessment seemed to have a positive impact on some students' ability to assess their own learning progress and think critically. This study's findings are consistent with those of other reports in the literature about student-generated questions as a formative assessment tool. Overall, the literature supports the conclusion that implementing student-generated questions is conducive to students having more meaningful and personal engagement with the course content.
3,13-20 Practice with inquiry builds metacognitive skills and independence with respect to learning as well as a sense of confidence with successfully mastering the learning goals of the course. 3, 13, 14, [16] [17] [18] [19] [20] 29 However, inquiry alone is not optimal. Having to provide the correct answer and explain why it is the best choice extends learning in a way that cannot be reproduced by simply posing questions or answering instructor questions. 4, 30 Student responses in this study suggest that having to provide an explanation for the correct answer and why other options are incorrect resulted in a greater depth of learning.
In other studies assessing student perceptions regarding student-generated questions as a learning strategy, most students reported that the activity enhanced their learning 14, 16, 17 and that posing questions is a challenging activity. 2, 17 A body of research indicates that student perceptions of efficacy are not necessarily tied to increased effort or learning outcome, so tying analysis to student perceptions has its limitations. 31 Nonetheless, many students in this study and in other similar studies reported that this strategy positively impacted their learning, and the mechanism through which this improved learning could occur is supported in cognitive science.
Instructors who intend to incorporate this strategy into a course should remember that students need guidance with this strategy. Thorough instructions, specific examples, instructor feedback, and prompts have all been shown to be effective and necessary components in the successful use of this strategy. 14, 19 In this study, the instructional team required students to link each studentgenerated, multiple-choice question to a learning objective to avoid the potential for students to focus on irrelevant detail. 32 Because it is important for students to practice formulating questions, Web-based tools have been developed to facilitate peer evaluation and grading. 14, 16, 17, 20 Peer assessment was one of the suggestions for improvement received from this study's student survey. The authors are exploring ways for students to share questions for peer review while still maintaining the integrity of the assignment. Given the overall risk of potential cheating (eg, students providing multiple-choice question assignments to a roommate taking the class a semester later), students are now required to link multiple-choice questions to assigned learning objectives rather than being allowed to choose which learning objectives to focus on. This requirement does not completely remove the risk of cheating, since a roommate could be assigned the same learning objectives, but it adds another layer of challenge.
Instructors can use student-generated questions to assess student understanding, make changes to content, and/ or clarify or emphasize concepts to the class. 20 The raters stated that they did not use this learning activity to make changes in the course content, but could see the potential for that to occur. There is less relevance to this kind of instructional feedback, probably because of the informational nature of the content of this course, but the utility of this activity to assist instructors with course development and revisions is apparent. If this strategy were to be implemented in the professional pharmacy curriculum, misconceptions could be detected and addressed quickly through this formative assessment tool.
Student perceptions of this learning activity were not universally positive. A subset of students felt that the strategy negatively impacted their learning. Students' statements indicated anger about the lack of partial credit, the inability to resubmit with revisions, the inability to submit an assignment late for partial credit, and the perception that this strategy did not fairly measure comprehension of the course material. Students are provided with explicit instructions, specific examples, and the grading rubric prior to submitting the first assignment. Instructors have found that the students who contacted the course team after receiving a low grade had submitted the assignment at the last possible moment and, based on a review of the course tracking, also had spent a small amount of time on the course Web site. While the instructional team does not want to dismiss the negative comments, they noted a potential connection between lack of planning and effort and dissatisfaction with the activity. Comments about the activity resulting in a decreased depth of engagement are of greater concern. A few students stated that the activity caused/led them to focus on only a few specific items needed to complete the assignment, resulting in a more superficial understanding than if they had been asked to complete instructor-generated activities. Although these comments are in contrast to those of the majority, they are nonetheless a matter of concern. Because the objective is for all students to engage fully and to develop a meaningful understanding of the material in the course, the instructional team is exploring and attempting to address this issue further.
This study has some limitations. While the implementation of student-generated, multiple-choice questions has been largely successful in this undergraduate informational course, there are problems with this approach. One issue identified by the raters was the occurrence of inaccurately phrased and/or low-quality questions. There is debate in the educational literature about requiring high-quality questions from students, since many instructors have difficulty consistently creating high-quality examination questions. 2, 3 The course instructors, however, argue that the process of generating questions, providing explanations for both correct and incorrect options, and tying the question to a course learning objective was a sufficient and effective strategy to help students achieve the course learning goals. Only the questions that earned a score of 6 were eligible for inclusion in the section quiz, and in order to receive a score of 6, the question had to meet the completeness and importance criteria and also be accurate.
Lack of personalized feedback provided to students was another limitation of this study. The raters felt that the standardized rubric was effective in providing objective feedback, but subjective feedback was rarely given and is one of the essential items listed in the educational literature for successfully expanding learning. Providing subjective, personalized feedback in this high-enrollment course would be unmanageable from an instructional team perspective and not necessary for the course type and audience. However, if this strategy were to be implemented in a doctor of pharmacy course, it would be necessary to provide subjective feedback either through Web-based tools, peer review, or both.
Sixty-five percent of students responded to the survey, which is a large response rate for an online survey. Even though about a third of students did not respond, the authors are confident that the survey data, which were mostly positive but included 14 negative responses, are an accurate representation of the range of student experiences.
CONCLUSION
Student-generated, multiple-choice questions are an appropriate and effective formative assessment in an online informational course in which the primary learning goal is to inform students about the profession of pharmacy. The educational literature supports the use of this learning activity to foster personal engagement with course content, metacognitive skills, and independent ownership of the learning experience. The pharmacy education community may benefit from experimenting with this strategy and potentially investing in one of the many Web-based tools that facilitate feedback and peer review of student-generated questions.
